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INTRODUCTION 
For the development of future health monitoring systems integrated into structures made 
of composite materials attention has been given to optical fiber sensors systems, in particular 
for the detection of damages like delaminations. 
The problem with this type of "passive" system lies in the need that the sensor must be in 
the vicinity of the damaged area. The number of embedded sensors is then necessarily high, 
which leads to complex and costly systems. 
A system based on a wave propagation phenomenon is an alternative solution. With such 
an "active" system, the whole part of the structure between sources and detectors is checked. 
If the attenuation of the waves is low, the distance between emission and detection can be 
high and the total number of transducers to embed remains small. Lamb waves are more 
particularly interesting because they propagate on long distances, and they interest the whole 
thickness of the plate. Detection of defects inside metals[1] and composite plates [2,3] by 
Lamb waves was demonstrated by several authors. The generation and the detection of the 
Lamb waves can be performed using surface bonded or embedded piezoelectric transducers. 
The piezo polymers like PVDF can be used, but only as surface bonded acoustic transducers. 
In effect, their low Curie point is not compatible with the curing temperature of the composite 
materials in which one want to embed them. Piezoceramics like PZT are generally used for 
both surface and embedded acoustic generation and detection [4-6], but they suffer from low 
mechanic properties, fragility, and large size as compared to the ply thickness (125 Jlm for 
carbon/epoxy composite materials). 
A solution combining both advantages of optical fiber sensors and acoustic propagation, 
will be ideal. Many works concern the detection of acoustic waves using optical fiber sensors 
[7 -\2]. Systems combining piezogeneration and optical fiber detection have recently been 
proposed [\3]. A system fully based on embedded optical fibers, for both acoustic generation 
and detection is highly desirable, but until now its feasibility has not been demonstrated. 
For the generation of ultrasounds, the solution could consist of using an optical fiber 
delivering a laser pulse inside the material. The generation of ultrasounds by laser, via an 
optical fiber, has received very few attention up to now (14-\6). This possibility is the 
subject of a research at ONERA in the frame of studies devoted to smart structures health 
monitoring. At the previous QNDE conference [\6] we presented surface displacement 
measurements in the near vicinity of the fiber tip. The nature of the ultrasonic waves was not 
identified. Here we present B-scans which allow to conclude in the generation of Lamb 
waves able to propagate on distance of several centimeters. 
Review of Progress in Quantitative Nondestructive Evaluation. Vol. 18 
Edited by Thompson and Chimenti, Kluwer Academic/Plenum Publishers, 1999 1963 
YAG 
laser 
/'" -----11---
optical 
fiber 
,-__ --, frequency 
generator 
screen 
Interferometric 
c-------, probe 
~It-~t:l 
Figure I. Schematic view of the experimental set-up. 
FIBER OPTIC DELIVERY SYSTEM 
The experimental arrangement is presented in figure I. It consists of a CW Nd: Y AG laser 
operating at 1.064 Jlm and Q-switched by an acousto-optic modulator delivering repetitive 
pulses at a rate of 10 or 20 Hz, and of a focusing system which allows to enter the laser beam 
inside the optical fiber. In a first series of experiments the laser beam was injected into the 
fiber through a SMA connector. In a second series of experiments the beam, focused by a 
planoconvex lens with a large numerical aperture entered directly into the fiber. The global 
transmission efficiency of the delivery system is presented in figure 2. In the second 
configuration the transmission is slightly lower but miscentering had less severe 
consequences and this consideration lead us to prefer it. 
The end of the fiber is placed inside the composite, between two plies, during the process. 
Multimode fibers are used, with core diameter of 100 or 200 Jlm and polyimide coating. The 
out-of-plane displacements are measured using a BMi® heterodyne interferometric probe 
(bandpass: 20 kHz - 30 MHz). 
Figure 3 shows the near tip configuration of a 100 Jlm-dia. embedded fiber. At the fiber 
tip, there is a resin pocket which is transparent for the laser beam. Thus the interaction area 
for the thennoelastic generation is the conical surface of carbon fibers around the resin 
pocket. This area is notably more extended than the interaction area in the case of a fiber 
located outside the specimen and generating wave on the surface. This fact is in favour of 
higher destruction threshold for the inside configuration of the fiber. 
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Figure 2 Global transmission efficiency of the energy delivery system in the case of a 
100 Jlm fiber. Curves I and 2: fiber with a SMA connector; curve 3 : fiber without 
connector. 
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Figure 3. Post-test destructive examination of an optical fiber used as delivery system for 
laser generation inside a carbon/epoxy sample, taken from [15]. 
The specimen used was a carbon/epoxy composite whose structure is given in Figure 4. 
Figures 4 and 5 respectively present the in-depth and in-plane locations of two 200 Jlm-dia. 
embedded fibers. 
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Figure 4. In-depth location of the two optical fibers inside the carbon/epoxy sample. 
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Figure 5. In-plane location of the two optical fibers inside the carbon/epoxy sample. 
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Figure 6. Scanning movement of the interferometric probe for B-scan construction. 
EXPERIMENTS 
Using fiber #1, the optical probe was scanned along the fiber axis as shown in figure 6. 
For each of the 90 axial locations, 2000 A-scans, 5000 or 10000 points each, were summed, 
allowing to construct a B-scan. Even with an energy per pulse of 0.08 J/pulse, chosen far 
from the damage threshold [16], allowing a repetitive use of the fiber, it was possible to 
monitor the displacement (see fig. 7). 
The same fiber was used with a higher energy level: 0.45 mJ/pulse (fig. 8), allowing to 
detect waves at distances larger than 40 mm from the fiber tip, during more than 1 00 ~s, and 
a wave reflected on the edge of the sample. 
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Figure 7. B-scan obtained with the fiber #1. The energy per pulse is 0.08 mJ and 2000 
pulses are added. 
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Figure 8. B-scan obtained with the fiber #1. The energy per pulse is 0.45 mJ and 2000 
pulses are added. 
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Figure 9. Nonnalized A-scan, taken from B-scans of figures 7 and 8, for location 
x = 10 mm. 
The displacements are roughly proportional to the square root of the pulse energy (see in 
figure 9 the nonnalized out-of-plane displacements, measured at location x = 10 mm). 
B-scans show several high-velocity, high-frequency modes, strongly attenuated, and a 
predominant low-dispersion mode at a frequency near of 400 kHz. This fact is highlighted by 
Fourier analysis of the A-scans as shown in figure 10. 
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Figure 10. Fourier analysis of A-scans taken from the B-scan of figure 7. 
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Figure II. Graphic detennination of the waves parameters (B-scan of figure 7). 
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A graphical analysis of the B-scan (fig. II) allows to determine the waves parameters, 
which are compared in fig. 12 to dispersion curves calculated for the composite material of 
fig. 4. It can be concluded that the dominating mode is the So mode. Even for region 2, the 
corresponding mode is symmetric. The fact that the symmetric modes are preferentially 
excited is probably due to the geometrical configuration of the laser/material interaction area 
which is symmetric relatively to the plate (conical area whose axis is parallel to the plate faces 
as shown in figure 3). The point corresponding to region I is out of the diagram and 
corresponds to a much higher order mode. Furthennore, it must be noticed that the modes 
propagate in region which are weakly dispersive, especially the mode identified in region 3. 
The same measurements were done with the same energy per pulse of 0.45 mJ/pulse, with 
fiber #2 and detection on the farthest face (fiber/surface distance is 3 mm). The B-scan 
obtained is presented in figure 13. The displacements are roughly ten times higher than those 
detected with fiber #1 (compare B-scans of figures 8 and 13). There is no explanation for that 
at the moment. Post-test destructive examinations will be perfonned in the near future to 
understand this fact. 
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Figure 12. Comparison between experiments and calculated dispersion curves. 
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Figure 13. B-scan obtained with the fiber #2, for 0.45 mJ/pulse. 
CONCLUSION 
S 
The present experiments, which can be considered as a preliminary work, demonstrate 
that embedded fibers, with diameter of the order of 100 to 200 Ilm can be used as delivery 
systems for laser pulses, capable of generating Lamb waves propagating in composite 
materials at distances of several centimeters. Nevertheless, the possibility of using such 
ultrasound sources for integrated health monitoring systems will depend on the sensitivity of 
the embedded detectors used. Presently the displacements generated are very weak and need 
the summation of a high number of pulses. 
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